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At RAN#94-e, a WI on sidelink evolution was agreed for Rel-18 (RP-213678) [1]. In this WI, an objective on sidelink in unlicensed spectrum is included as: 
· Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
In this contribution, we discuss the resource allocation and physical channel design for sidelink transmission in unlicensed spectrum.  

Discussions 

PSCCH and PSSCH in SL-U
In RAN1#110 the following agreements established the framework for PSCCH and PSSCH design.
Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool

RAN1#110bis further clarified the sub-channel structure:
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets
The interlace values are defined in TS 38.211 as M=10 for 15kHz SCS and M=5 for 30 kHz SCS. An interlace of index m comprises the following common RBs {m, M+m, 2M+m, 3M+m, ...}. For instance, for m=0, the RB indices are {0,10, 20, ... ,100}, while for m=3 they are {3, 13, ..., 103} etc. We note that , which means that there are up to 10 interlaces for 15kHz SCS and 5 interlaces for 30 kHz SCS indices.
TS 38.101-1 (Clause 5.3.2, Table 5.3.2-1) defines the maximum transmission bandwidth configuration. It turns out that for 20MHz channel bandwidth, which represents NR-U channel bandwidth in the 5GHz unlicensed spectrum, the maximum transmission BW is 106 RBs for 15kHz and 51 for SCS=30kHz. These values exclude the side guard bands. For 40 MHz channel bandwidth the maximum number of RBs for transmission is 216 (@15kHz) and respectively 106 (@30 kHz). 
For wideband operation, the number of RBs is defined in TS 38.101-1, Table 5.3.3-2, which specifies the number of RBs in each RB set and the number of RBs in the intra-cell guard bands. 
Therefore, at 15kHz SCS a sub-channel size may be, depending on interlace index, 10 or 11 RBs  if K=1, and respectively 20-22 RBs if K=2 (based on the interlace combination), while at 30kHz SCS the sub-channel size is 10-11 RBs . There are at most 45 sub-channels indices (K=2, all combinations m1m2) in the first 20 MHz channel at 15 kHz SCS and 5 sub-channels in the first 20 MHz channel at 30 kHz SCS. We note that not all sub-channels have the same size.

Table 1, Example of CRB indices as function of interlace m
	Interlace Index m
	SCS=15 kHz, K=1
	SCS=30 kHz, K=1

	m=0
	0,10, 20, ..., 100  (11 RBs)
	0, 5, 10, ..., 50 (11 RBs)

	m=1
	1, 11, ..., 101       (11 RBs)
	1, 6, 11, ..., 51 (11 RBs)

	m=2
	2, 12, ..., 102       (11 RBs)
	2, 7, 12, ...,  47 (10 RBs)

	m=4
	4, 14, 24, ..., 104  (11 RBs)
	4, 9, 14, ...,  49 (10 RBs)

	m=7
	7,17, ..., 99           (10 RBs)
	NA



For wideband (multi-channel as referred in TS 37.213), several RB sets are concatenated, where each RB set has the same number of RBs (50 for 30 kHz SCS, and 105 for 15kHz SCS), and a number of RBs (6 RBs for 40 and 60 MHz, and respectively 6-5-6 RBs for 80 MHz) in the guard bands between consecutive RB sets (based on multi-channel access NR-U UL).
A sidelink NR subchannel is characterized [TS 38.331] by the subchannel size (number of RBs), and the starting RB of the subchannel (the RB index 0-265). A SL NR resource pool has associated up to 27 subchannels.
NR-U supports indicating the used interlace index(s) and RB set index(s), and the minimum indicated frequency domain resource size is 1 interlace in 1 RB set.
In RAN1#110bis the following agreement was achieved:
Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· Down-select one of the followings
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Option 2: Support explicitly indicating at least the used sub-channel index(s)
· At least RB set index(s) is not explicitly indicated
· FFS details
For sidelink unlicensed (SL-U) a similar to NR-U and the licensed spectrum approach may be considered, with additional information of the interlace index. Thus, a subchannel may be defined by the triplet {RB start, RB size, interlace index}. In addition, for the frequency resource the RB set may be also provided.
Proposal 1: (Option 1) Support explicitly indicating the used sub-channel index(s) and RB set index(s).

In RAN1 #110bis it was agreed that the following restrictions for the interlace indices will be considered:
Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· When more than one RB set is used for transmissions, down select one of the followings
· Option A: Support that the used interlace index(s) in different RB sets are always the same
· Option B: Support that the used interlace index(s) in different RB sets can be different
· FFS details
Multi-RB set usage may correspond to NR-U multi-channel transmission specified in TS 37.213. In this case, the guard bands between the RB sets can be used for transmissions, and the interlace index(s) should belong to the same interlace index(es) as the interlace index(es) allocated for PSSCH transmission in the two adjacent RB sets. 
In the RAN1#110bis it was agreed that the guard bands can be used for PSSCH transmission:
Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission

In NR-U, when more than one RB set is used for transmissions, the used interlace index(s) in different RB sets are the same.
Using the same interlace index(s) in different RB sets is the natural solution, and reduces the overhead in SCI.  Unless a FDM approach for PSSCH is used, there is no good reason to use different index(s).
Proposal 2: When more than one RB set is used for transmissions, SL-U uses the same interlace index(s) in different RB sets.

PSFCH and SL HARQ in SL-U
In RAN1#109 it was agreed that at least R16 NR SL PSFCH format 0 is supported.
Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs
However, format 0 uses a single PRB, which cannot satisfy the OCB requirements as was shown in a previous contribution [R1-2205745].
RAN1#110 adopted a couple agreements to satisfy the OCB requirements for the PSFCH transmission.

Agreement
To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.
Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives
In the RAN1#110 meeting most companies suggested that to cope to LBT failure, additional PSFCH opportunities with respect to the licensed case should be considered. We note that both Alt 1 and Alt 2 of the above agreement offer such possibility.
The above agreement focuses on three alternatives for OCB requirement. In RAN1#110 many companies observed that PSFCH format 0 is very similar to PUCCH format 0, and as in NR-U, for OCB solution an interlaced approach can be used. If an interlace of M=10 (for 15kHz SCS) is used the transmission takes place in one PRB every 10 PRBs. The interlace index m takes values in {0,1, 2, …, M-1} and consists of common resource blocks {m, m+M, m+2M, m+3M, …}.  The use of an interlace for each PSFCH is a straightforward way achieve OCB at the expense of lowering channel capacity. Alt 3 and Alt1 are somewhat equivalent. Alt 1 is compatible with previous agreement (“at least RB-based interlace is supported”), while Alt 3 requires an additional design. Therefore, we do not think that Alt 3 is necessary.
Proposal 3: For PSFCH use interlace-based solutions for the OCB requirement (either Alt 1 or Alt2). 
At this time, RAN1 did not decide yet if the PSFCH transmission should be considered short control transmission and therefore exempt from LBT.   The following agreements (RAN1#110bis) address the LBT failure situations:
[bookmark: _Hlk118036163]Agreement
At least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details 

Agreement
To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Alt 2: PSFCH resources are dynamically indicated
· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE
· Alt 4: drop PSFCH transmission
· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB
· Combination of above alternatives are not precluded 
· FFS details of above alternatives

The solution adopted for PSFCH transmission needs to be flexible enough to accommodate various scenarios and traffic load situations. For instance, if it is guaranteed that there is no presence of other RAT transmissions (for instance in IIoT usage) a single PSFCH occasion per PSCCH/PSSCH transmission should be sufficient. However, in the case of high traffic situations when the spectrum is shared with other networks or RAT transmissions, additional PSFCH opportunities are necessary to accommodate possible LBT failures. A simple solution to implement additional PSFCH opportunities is to have two configured PSFCH opportunities sets. One set is a fixed set of at least one opportunity PSFCH occasion per PSCCH/PSSCH transmission. The second or additional set of PSFCH periodic opportunities may be configured and used only if enabled by a control indication (for instance SCI, or MAC-CE).
Proposal 4: To address PSFCH transmission dropping due to LBT failure SL-U uses a fixed set of (at least one) PSFCH occasions per PSCCH/PSSCH transmission, and an additional periodic set of multiple periodic PSFCH occasions that can be enabled when LBT failure in fixed set of PSFCH set occasions occur.  
Our proposal is a combination of Alt 1 and Alt 2 that offers increased flexibility to deal with PSFCH collisions (LBT failures). 
Even when the LBT is required, the LBT may not be necessary if the gap between consecutive transmissions in the same COT is less than 16us in FR1. To shorten the gap, and retain the channel control, a cyclic prefix extension (CPE) may be considered [TS 38.211, TS 38.212].
Proposal 5: For COT sharing purposes use the CPE to avoid LBT prior to PSFCH transmissions.
Another potential issue may occur if the SL transmission is close to the end of COT, which may not allow enough time for the PSFCH transmission in the same COT. The simplest solution to this potential problem is to not allow PSSCH transmission close to the end of COT. Another solution may be to allow PSFCH transmissions outside of the COT. Such solution would imply the use of PSFCH (pre-)configured resources rather than a dynamic indication from the COT initiator beyond COT termination.
Proposal 6: The transmission of PSSCH and the dynamically indicated/enabled PSFCH opportunities should belong to the same COT.  Consider the cross-COT PSFCH using only (pre-)configured resources. 

S-SSB in SL-U
[bookmark: _Hlk115266904]In RAN1#110 it was decided to support additional S-SSB transmissions.
Agreement
[bookmark: _Hlk114768960]If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
· FFS the number and locations of additional candidate S-SSB occasions
· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior
The periodicity of S-SSB with SL synchronization signals is fixed to be 160ms. The number of S-SSB transmissions in each period is (pre-)configured. In Rel-16, the following number of S-SSB transmissions in one 160ms period for (pre-)configuration has been specified, which is SCS dependent and frequency band dependent.
· For FR1:
· For 15kHz SCS, {1}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {1, 2, 4}
· For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}
Alternatively, more S-SSB transmissions can be supported for sidelink unlicensed access to minimize the LBT failure impact, if LBT is required before S-SSB transmission. For example, support 4, 8, and 16 S-SSB transmissions within a 160ms period for 15kHz, 30kHz, and 60kHz SCS, respectively, in FR1. Increasing two to four times the number of S-SSB transmissions in a period allows dealing with LBT failures or other RAT interference. Further increasing the number of transmissions may increase unnecessarily the overhead, interference, and power consumption. 
Proposal 7: If RAN1 decides that LBT is performed for S-SSB transmission, support up to 4, 8, and 16 S-SSB transmissions within a 160ms period for 15kHz, 30kHz, and 60kHz SCS, respectively.
One of the issues to solve in the S-SSB design in shared spectrum is the requirement of occupied channel bandwidth (OCB) defined by ETSI EN 301.893.
“The Occupied Channel Bandwidth shall be between 80% and 100% of the Nominal Channel Bandwidth”
For unlicensed 5GHz spectrum, the Nominal Channel Bandwidth is expected to be aligned with NR-U i.e., 20 MHz bandwidth. 
In addition, ETSI EN 301.893 defines a temporarily exempt from the above OCB requirements:
“During Channel Occupancy Time (COT) equipment may operate temporarily with an Occupied Channel Bandwidth of less than 80% of its Nominal Channel Bandwidth with a minimum of 2MHz.”
In licensed bands, the S-SSB has one slot time duration and occupies 11 PRB (132 subcarriers) of frequency resources. For 15kHz SCS the OCB is 1.980 MHz. Therefore, the S-SSB without additional changes does not satisfy the OCB requirement for 20MHz channels or the temporarily OCB exempt requirement. 

In RAN1#110bis the following agreement regarding the OCB and PSD solution for S-SSB retained two options:
Agreement
To meet OCB and PSD requirement for S-SSB transmission, down-select between the followings for 15 kHz and 30 kHz SCS:
· Option 1: Using interlaced RB transmission for S-PSS/S-SSS/PSBCH
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· FFS: whether/how the above options apply to all or subset of channel type of S-PSS/S-SSS/PSBCH
· Note: RAN1 further study the relationship between above options and temporary OCB exemption, and the discussion on temporary OCB exemption can continue even if option 1 or option 3 is supported
FFS: how to handle 60 kHz SCS (if needed, not limited to option 1 or option 3)
The interlace values are defined in TS 38.211 as M=10 for 15kHz SCS and M=5 for 30 kHz SCS. An interlace of index m comprises the following common RBs {m, M+m, 2M+m, 3M+m, ...}, Therefore, when using an interlace approach the number of S-SSB RBs (11) is occupying a larger bandwidth. For instance, for m=0, the RB indices are {0,10, 20, ... ,100}, while for m=3 they are {3, 13, ..., 103}
TS 38.101-1 (Clause 5.3.2) defines the maximum transmission bandwidth configuration. It turns out that for 20MHz, which represents an RB set bandwidth in the 5GHz unlicensed spectrum, the maximum transmission BW is 106 RBs for 15kHz. Thus, using the interlace approach for S-SSB allows to occupy more than 80% of the channel nominal BW. We also note, that at most 6 distinct interlace indices may be considered.
Option 1 uses interlace PRB for S-SSB transmission. The interlace(s) index is preferable to be known in advance at the receiving SL UE to reduce synchronization complexity and latency.  This implies that the interlace index is the same for all S-SSB transmitters, which may lead to S-SSB collisions. As we show in Table 1, only a subset of interlaces (those of 11 RBS) may be used for S-SSB transmission, such index 0-4 for SCS 15 kHz. 
Proposal 8: For OCB constraints S-SSB transmission uses only the interlace indices that correspond to 11RBs.
The increase of the number of S-SSB opportunities was supported by most companies in RAN1#110 meeting because it helps mitigate LBT failures and other RAT interference. But, increasing S-SSB opportunities protects against other RAT interference but not for possible collisions between S-SSB transmissions. For periodic transmissions of S-SSB, once a collision between two transmissions takes place, it will repeat periodically. Additional solutions may be further considered to increase the S-SSB robustness against interference with other S-SSB transmissions.  A simple solution, when an interlace based option is selected, may use different interlace indices for different UEs, where different interlaces are orthogonal to each other in frequency (different index), or another solution is just to identify when such collisions occur and then change the S-SSB transmission parameters.
Option 3 uses repetition in frequency domain to achieve OCB. For instance, for 20 MHz channels, the S-SSB may be transmitted the lower 2MHz and the upper 2MHz of the channel bandwidth. To have a reduced synchronization latency and a reduced implementation complexity, at least one of these copies must have a known frequency location, preferrable at the bottom of the SL-U frequency band transmissions similar to licensed band solution.  In this solution S-SSB can be affected by collisions as well, especially if there is a fixed location of one of S-SSB copies.
Proposal 9: For shared spectrum, SL-U should mitigate potential S-SSB collisions.
S-SSB at higher SCS (30kHz and 60 kHz) satisfies the 2MHz requirement for temporarily OCB exempt, and therefore if the exempt is used no additional changes of the S-SSB are required. Moreover, given that the slot length is shorter (respectively 500 us and 250 us) the LBT exempt for short control signals may be applied, which means that no LBT is required prior to S-SSB transmission.
Proposal 10: For higher SCS (30kHz and 60 kHz) consider S-SSB transmission under the temporarily OCB exempt and LBT short control signal transmission exemption.
 Conclusion
Proposal 1: (Option 1) Support explicitly indicating the used sub-channel index(s) and RB set index(s).

Proposal 2: When more than one RB set is used for transmissions, SL-U uses the same interlace index(s) in different RB sets.
Proposal 3: For PSFCH use interlace-based solutions for the OCB requirement (either Alt 1 or Alt2). 
Proposal 4: To address PSFCH transmission dropping due to LBT failure SL-U uses a fixed set of (at least one) PSFCH occasions per PSCCH/PSSCH transmission, and an additional periodic set of multiple periodic PSFCH occasions that can be enabled when LBT failure in fixed set of PSFCH set occasions occur.  
Proposal 5: For COT sharing purposes use the CPE to avoid LBT prior to PSFCH transmissions.
Proposal 6: The transmission of PSSCH and the dynamically indicated/enabled PSFCH opportunities should belong to the same COT.  Consider the cross-COT PSFCH using only (pre-)configured resources. 
Proposal 7: If RAN1 decides that LBT is performed for S-SSB transmission, support up to 4, 8, and 16 S-SSB transmissions within a 160ms period for 15kHz, 30kHz, and 60kHz SCS, respectively.
Proposal 8: For OCB constraints S-SSB transmission uses only the interlace indices that correspond to 11RBs.
Proposal 9: For shared spectrum, SL-U should mitigate potential S-SSB collisions.
Proposal 10: For higher SCS (30kHz and 60 kHz) consider S-SSB transmission under the temporarily OCB exempt and LBT short control signal transmission exemption.
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